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DNA sequence of a protein that is similar to FKBP 

The present invention refers to a nucleic acid sequence according to SEQ ID NO:l, SEQ ID NO:2, SEQ 
10 ID NO: 5 or SEQ ID NO: 7 or its fragment or derivative or a nucleic acid sequence, which hybridizes 
with the nucleic acid sequence according to SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:5 or SEQ ID 
NO:7 and having the biological activity of the nucleic acid sequence according to SEQ ID NO:l, SEQ 
ID NO:2, SEQ ID NO: 5 or SEQ ID NO:7. The invention further refers to transgenic plants and their 
seeds comprising a recombinant nucleic acid sequence according to the present invention. 

15 

Plants sessile way of life requires high adaptability to their habitats environmental factors. The 
endogenous growth and developmental programs must be attuned to exogenous factors. This 
presupposes the perception of exogenous factors which are vital for plants survival. Since the site of 
perception usually differs from the site of response to a stimulus, intercellular as well as intracellular 
20 signal transduction must take place. Although stimuli are perceived through different receptors in plants 
and animals and lead to various responses to stimuli, they often employ the same principles for 
mediating signals. G-proteins, calcium or calmodulin, respectively, protein kinases and protein 
phosphatases are elements of signal transduction chains that take place in plants and animals. The 
general mechanisms of signal transduction are conserved in many cases. 

25 

A large family of conserved proteins whose functions in signal transduction is still not well-known are 
the immunophilins (Schreiber, 1991, Science 251: 283-287). Immunophilins represent a super family 
whose members can be found in bacteria, yeast, plants and animals. The are located in different cell 
compartments and participate in highly differing processes of signal transduction. They have been 
30 identified as intracellular receptors for immunosuppressive substances in mammalian cells 
(Handschumacher et al., 1984, Science 266: 544-547). Immunophilins can be subdivided into three 
classes both structurally and through their binding ability to immunosuppressiva: cyclophilines that 
bind CyclosporinA, FK506 binding proteins that bind FK506 or rapamycin and parvulines with no 
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affinity to immunosuppressive substances. CyclosporinA, FK506 and rapamycin are substances that are 
synthesized by soil-borne fungi. Their effect in mammals is the suppression of the immune response 
used in transplantation medicine to reduce the rejection of the foreign organ. 

5 The FK506 binding proteins (FKBPs) are subdivided according to their size. The smallest FKBP in 
eukaryotes, FKBP 12, is a relatively well-researched immunophilin. It mediates various answers 
depending upon the bound immunosuppressive substance (Bram et al., 1993, Mol. Cell. Biol. 13: 4760- 
4769; Brown et al., 1994, Nature 369: 756-758; Liu et al., 1991, Cell 66: 807-815). The binding of 
FK506 to FKBP 12 leads to complex formation with the calcium/calmodulin dependent protein 
1 0 phosphatase calcineurin. 

Calcineurin participates in numerous signal transductions and its inhibition through the FKBP 12- 
FK506 complex mediates, for example, the suppression of T-cell activation. The suppression of the 
immune response through FK506 is mediated differently by rapamycin namely through the inactivation 

15 of calcineurin (Schreiber and Crabtree, 1992, Immunology Today 13:136-142). In a complex with 
rapamycin, FKBP 12 interacts with the protein mTOR (mammalian target of rapamycin). One of the 
mTOR protein domains shows sequence homology to the catalytic domain of phosphatidylinositol- 
kinases (Sabatini et al., 1994, Cell 78: 35-43). The answer FKBP12 mediates with rapamycin leads to 
an arrest in the Gl phase of the cell cycle in interleukin-2 stimulated T-cells. In the absence of 

20 immunosuppressive substances FKBP 12 interacts with elements from other signal transductions, for 
instance with the TGF-b receptor (receptor for the transforming growth factor-b) and modulates its 
function in cell cycle control (Wang et al., 1994, Science 265: 674-676). FKBP 12 also participates in 
the regulation of two intracellular calcium channels, namely the inositol- 1,4, 5 -triphosphate receptor and 
the ryanodin receptor (Brillantes et al., 1994; Cameron et al., 1995, Cell 83: 463-472). FK506 or 

25 rapamycin lead to dissociation from FKBP 12 and calcineurin from the calcium channel complexes and 
thus to an increased calcium-efflux through these channels. The regulation of the calcium channels 
through FKBP 12 was confirmed through examinations of a transgenic mouse mutant, that does not 
express a functional FKBP 12 (Shou et al., 1998, Nature 391: 489-492). FKBP12 deficient mice die 
before or shortly after birth of a myocardial insufficiency, which was also observed in patients treated 

30 with FK506. The calcium conductivity of the ryanodin receptors in the skeletal muscles of these mice 



V 1 

3 

resembles that of the purified receptors with no bound FKBP12. 

FKBP59 from mammals was identified as an essential component of steroid receptor complexes which 
are not bound to ligands (Sanchez et al., 1990, Biochemistry 29: 5145-5152). In this multi-protein 
5 complex two heat shock proteins, Hsp70 and Hsp90 were also identified. The binding of FKBP59 to 
the steroid receptor takes place indirectly via Hsp90 (Peattie et al., 1992). The interaction of FKBP59 
and Hsp90 is mediated by the conserved protein-protein interaction motif, the so-called 
tetratricopeptide repeats (TPR). The TPR motif is a 34 amino acid sequence originally found in proteins 
participating in cell cycle regulation, transcription regulation, protein transport and heat shock response 
10 (Goebl and Yanagida, 1991, TIBS 16: 173-177). The type m TPR domain consists of the triple 
repetition of the TPR motif, whereas two of the repetitions directly follow each other. The distance to 
the first TPR motif is conserved and has 10-16 amino acids. The sequence motif forms amphipatic cc- 
helices, named "knob-hole" structures and can mediate a specific protein-protein interaction. 

15 The binding of a steroid hormone to the receptor complex leads to the dissociation of FKBP59 and 
Hsp90. The ligand-bound steroid receptor can now reach the nucleus and is bound to DNA 
participating in the building of a transcription complex. It is being discussed that FKBP59 and the Hsp 
proteins are necessary for the conservation of the conformation of the non-ligand-bound steroid 
receptor (Pratt and Welsh, 1994, Sem. Cell Biol. 5: 83-93). 

20 

A few years ago immunophilins from plant extracts from Vicia faba were isolated via their affinity to 
FK506 and cyclosporinA (Luan et al, 1994, Proc. Natl. Acad. Sci. USA 91: 984-988). During this 
process an FKBP12 was isolated, which showed high sequence homology to FKBP12 from yeast and 
animals (between 47%-51% amino acid sequence identity). In vitro this FKBP12 from Vicia faba 

25 showed, however, little affinity to calcineurin, and expressed in yeast it did not mediate the effect of 
FK506 and rapamycin (Xu et al., 1998, Plant J. 15: 511-519). In Vicia faba injected FK506 could only 
inhibit a calcium dependent regulation of calium channels in guard cells, if human FKBP12 was also 
applied at the same time (Luan et al., 1993, Proc. Natl. Acad. Sci. USA 90: 2202-2206), which is a hint 
to the presence of a FKBP12-FK506 signal transduction chain in plant cells, without having an 

30 endogenous receptor for FK506. 
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In plant breeding, it has been attempted to improve desired characteristics of crops and ornamental 
plants for a long time. Until now these improvements have been achieved with very long-term and 
costly methods of conventional breeding. The development of new plant varieties and products often 
5 takes 10 to 15 years. An alternative strategy is to provide certain plants with the characteristics desired 
for improvement available through the use of genetic information such as „marker assisted breeding" 
and genetically engineered alterations. A desired aspect in this connection is increasing yield by 
enlarging the number or volume of seeds that can be harvested (1000 grain weight), which are the 
yield-determining organs of many crops. In this case, however, the desired goal is not just the 

10 enlargement of the parameters number and volume, but also avoiding loss of seeds through seed shed 
before harvest and the reduction of threshing loss during harvest. During seed maturation, after filling 
of the seed with storage compounds, seed domance will be initiated. This developmental phase is 
characterized by drying of the seed-carrying organs, for instance, siliques and other opening fruits. The 
siliques burst during this phase along the seam of the organ in order to spread the seeds. From the point 

15 of view of production, this important process for the spread of a plants generative organs is not desired. 
Seeds freed from the silique before the beginning of the harvest through weather conditions such as 
precipitation or wind, as well as seeds which fall to the ground through the mechanical manipulations 
during the harvesting process must be counted as harvest loss. 

20 The change in the entire architecture of a plant with the goal of reducing the stem growth is for crops, 
whose yield is determined through reproductive organs has been a goal of breeding for quite some time. 
On one hand, this would make possible the shift of the relationships of biomass from vegetative areas 
of the plant that are not relevant to the yield in yield-determining harvest organs. On the other, 
shortening the stem sections would increase the rigidity of the plants against weather influences. These 

25 aspects are particularly important in breeding grain plants since a relevant part of harvest loss is caused 
by lodging before harvest. The yield of grains has been greatly increased over the past 50 years while 
dwarf mediating mutations such as Rhtl, Rht2, Rht3 in wheat or D8 and D9 in maize were crossed in 
commercially used varieties and participating significantly in the increase of the yield. The result of this 
breeding was lines that did not react with an elongation of the stem but increased the seed yield when 

30 artificial fertilizer was added (Silverstone and Sun, Trends in Plant Science 5: 1-2 (2000). 




Reduced growth is also often desired in ornamental plants. This is especially necessary for the creation 
of bonsai plants as well as miniature versions of many ornamental plants and cut flowers - sunflowers, 
for instance. In this context, twisted growth could, again, be of interest since shrubs and trees with 
5 twisted growth can be found in corkscrew willows, ficus and in other ornamental plants on the market. 
In the production of timber twisted growth of stems and branches can be a desired characteristic. In 
trees, the production of so-called "compression wood" can be gained with changed rigidity 
characteristics and changed yields. Here, increased amounts of compression wood is made in highly 
lignified stems by changes of the normal growth direction to reduce mechanical stress. This 
10 characteristic can be used for the production of wood for making paper. Wood, used for building or for 
the production of furniture can be produced by twisted growth of the harvestable stem sections with 
changed rigidity because this changes the compression strength and tensile strength of the stem 
sections. Fiber producing plants can produce new, desired characteristics for processing and physical 
characteristics (rigidity etc.) through twisted grown plant fibers. 

15 

Said problems are solved by the embodiments characterized in the claims. 

The invention is explained in more detail with the following illustrations. 

20 Figure 1 shows the genomic sequence of the twisted dwarf gene from Arabidopsis thaliana type 
Wassilewskija including the promoter area. The start and stop codons are underlined. Exon sequences 
are marked in bold, intron sequences are in italics. At the beginning of the line of nucleotide sequences 
the positions are numbered. In the lines beneath the nucleotide sequence, each amino acid sequence of 
the open reading frame is named. The amino acid position are numbered at the end of the line. 

25 

Figure 2 shows an illustration of the amino acid alignment of the twd gene from Arabidopsis thaliana 
(TWD) and Lycopersicon esculentum (TTP). Identical amino acids are connected by a vertical line, 
similar amino acids are linked by two points. 

30 Figure 3 shows an illustration of the amino acid alignment of the twd gene from Arabidopsis thaliana 



(TWD) and Zea mays (ZmTWD). Identical amino acids are connected by a vertical line, similar amino 
acids are linked by two points. 

The term "vector" as used herein, refers to naturally occurring or artificially created constructs for the 
5 uptake, multiplication, expression or transfer of nucleic acids, for instance, plasmids, phagemids, 
cosmids, artificial chromosomes, bacteriophages, viruses, retroviruses. 

The term "derivate" as used herein, refers to nucleic acid or amino acid having one or more deletions, 
substitutions, insertions and/or inversions. 

10 

The term "fragments" as used herein, refers to nucleic acid sequences or amino acid sequences 
comprising a part of the nucleic acid sequences or amino acid sequences according to the invention. 

The term "transformed plant cells" as used herein, refers to plant cells and plants or plant organs 
15 derived therefrom, that were genetically altered by the transfer of nucleic acids, for instance, plasmids, 
phagemids, cosmids, artificial chromosomes, bacteriophages, viruses, retroviruses or nucleic acid 
sequences not inserted in vector constructs. 

The term "regulatory element" as used herein, refers to nucleic acid sequences for regulating the 
20 expression of a gene. These nucleic acid sequences include promotor areas of a gene as well as 
regulatory areas within the translated as well as non-translated regions of a gene. 

The term „hybridisation" or „hybridising" as used herein, means stringent and less stringent conditions; 
see. Sambrook et aL, Molecular Cloning, Cold Spring Harbour Laboratory (1989), ISBN 0-87969-309- 
25 6. An example of stringent hybridisation conditions is: hybridisation in 4 x SSC at 65° C (alternative in 
50% Formamid and 4 X SSC bei 42° C), followed by several washing steps in 0,1 x SSC at 65° C for 
altogether one hour. An example for less stringent hybridisation conditions is hybridisation in 4 x SSC 
at 37° C, followed by several washing steps in 1 x SSC at room temperature. 



30 



The term "homologous sequence" or "homolog" as used herein, refers to a nucleic acid or protein 
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sequence that shows the activity of the nucleic acid or protein sequences according to SEQ ID NO:l, 
SEQ ED NO:2, SEQ ID NO:5 or SEQ ID NO:7. Nucleic acid sequences hybridizing with the sequences 
according to SEQ ID NO:l, SEQ ED NO:2, SEQ ID NO:5 or SEQ ID NO:7 or parts of this sequence 
under stringent or less stringent conditions are also homologous sequences. Further, homologous 
5 sequences are also nucleic acid or protein sequences or parts of these, which are significantly similar to 
nucleic acid and amino acid sequences in this inventions, determined by the similarity algorhythm 
BLAST (Basic Local Alignment Search Tool, Altschul et al., Journal of Molecular Biology 215, 403- 
410 (1990) (Matrix: Blosum 62, Gap existence cost: 11, Per residue gap cost:l). Sequences considered 
to be significantly similar, as used herein, are those that show, for instance, a signification niveau 
10 (probability) of P < le" 30 within the use of standard paramaters in the Blast service of NCBI if they can 
be compared to the sequences according to SEQ ED NO:l or SEQ ID NO:2 or parts of these. 



The term „marker assisted breeding" as used herein, refers to the selection of plants employing genetic 
information and molecular markers derived from this such as AFLP, RFLP, SNP etc in breeding 
15 programs. The above mentioned markers represent all types of nucleic acid sequence changes that can 
be proven and used for the screening of plant populations through diagnostic DNA analyses such as 
PCR, restriction analysis or hybridisation. 



From a population of Arabidopsis thaliana plants that were mutagenized through T-DNA insertion, a 
20 mutant could be isolated that is characterised by a drastic change of its phenotype. The twisted dwarf 
mutant (hereafter t\vd) has a pleiotropic phenotype which is manifested in plant architecture and 
physiology. The twd mutant is greatly reduced in its total height, at the time of its senescence it only 
attains one third total height of the wild type (approx. 25 cm). The mutant is dark green like other 
Arabidopsis dwarf mutants and seems compact due to its shortened inflorescence. The growth of the 
25 rosette leaves is characterised through extreme epinastic bending and an irregular surface. On the 
spread rosette leaves it can be recognized that the ratio of leaf length to leaf width is smaller than in 
wild type rosette leaves. The greatly shortened main stem of the inflorescence has a greater diameter 
than wild-type plants. The disoriented growth of the stem makes the mutant look unusual for 
Arabidopsis thaliana and is reminiscent of a cirrus plant. The disoriented growth of the plant organ can 
30 also be observed in the anthers and carpels. 



The DNA sequences of the mutated gene were isolated from the mutant through the plasmid rescue 
method in E.coli. Here, the fact is used that the T-DNA used for mutagenesis contains two sequence 
regions that make replication and selection in E.coli cells possible. Through restriction of genomic 
5 DNA of the twd mutant with suited restriction endonucleases (here EcoRI), DNA fragments were 
created, which were introduced after self-ligation in transformation competent E.coli cells. The 
selection of plasmid-bearing clones is attained through resistance against the antibiotic ampicillin on 
solidified culture media. DNA of the transformed plasmids was isolated from these clones and 
identified by restriction with restriction endonucleases and subsequent hybridisation with hybridisation 
10 probes. Clones were identified that contained apart from the used T-DNA sequences also DNA 
sequences from the mutated twd locus. These DNA sequences were isolated and subcloned into the 
vector pBluescript(SK-)® (Stratagene). The inserted DNA sequences were sequenced with the chain 
termination method according to Sanger. For the subsequent isolation of genomic and cDNA clones of 
the twd gene, the cloned DNA sequences were used as hybridisation probes. 

15 

The present invention refers to a nucleic acid sequence according to SEQ ID NO:l, SEQ ID NO:2, 
SEQ ID NO:5 or SEQ ED NO:7 or its fragment or derivative or a nucleic acid sequence hybridising 
with the nucleic acid sequence according to SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:5 or SEQ ID 
NO:7 having the biological activity of the nucleic acid sequence according to SEQ ID NO:l, SEQ ID 

20 NO:2, SEQ ID NO:5 or SEQ ID NO:7. Furthermore, the invention refers to a nucleic acid sequence 
hybridising under stringent conditions to the nucleic acid sequence according to SEQ ID NO:l, SEQ ID 
NO:2, SEQ ID NO:5 or SEQ ID NO:7. The nucleic acid sequence according to SEQ ID NO:l 
represents the genomic DNA sequence, the nucleic acid sequence according to SEQ ID NO:2 represents 
the cDNA sequence of the twisted dwarf gene from Arabidopsis thaliana, SEQ ID NO:5 represents a 

25 fragment of the cDNA sequence of the homolog twisted dwarf gene from Lycopersicon esculentum, 
SEQ ID NO:7 represents a fragment of the cDNA sequence of the homolog twisted dwarf gene from 
Zea mays. 

Furthermore, the invention refers to a polypeptid comprising an amino acid sequence according to SEQ 
30 ID NO:3, SEQ ID NO:4 and SEQ ID NO:8. The amino acid sequence can be modified so that the 
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amino acid sequence shows amino acid additions, deletions or insertions at one or more positions. The 
amino acid sequence according to SEQ ID NO:3 represents the amino acid sequence of the twisted 
dwarf protein from Arabidopsis thaliana, SEQ ED NO:6 represents the amino acid sequence of the 
homolog twisted dwarf protein from Lycopersicon esculentum, SEQ ID NO:8 represents the amino acid 
5 sequence of the homolog twisted dwarf protein from Zea mays. 

The present invention refers to nucleic acid sequences from a plant genome, particularly preferred from 
Arabidopsis thaliana, Zea mays or Lycopersicon esculentum that contain the coding region of an 
FKBP-like (FK506 binding protein) gene (twisted dwarf), whose activity controls the shaping of the 

10 entire architecture of the plant, in particular cell growth, growth orientation, degree of branching, etc. 
The discontinuation of these activities, for instance due to mutation or deletion in a plant genome leads 
to a change in the entire architecture of the plant through reduction of cell growth, disorientation of the 
growth of all organs above and below ground, reduction of branching of the stem, changes in the 
reaction towards brassinosteroids and their precursors and derivatives and the change in the reaction of 

15 the roots to gravitropism resulting in the change of ethylen production and ethylene induced signal 
transmission. The nucleic acid sequence according to the invention can be inserted into a vector, which 
also comprises one or more regulatory elements that control the transcription and/or translation of the 
nucleic acid sequence according to the invention. Further, the invention refers to vectors, for instance 
plasmids, and host cells, such as yeasts and bacteria including the nucleic acid sequence according to 
20 the invention. 

The invention also refers to the use of the nucleic acid sequences according to the invention for the 
identification and isolation of homologs or related genes from other dicotyledoneus and 
monocotyledoneus plants similar to FKBP-like genes through data bank alignments, hybridisation or 
25 with PCR techniques known to the person skilled in the art. 

In order to find homologs or related FKBP-like genes from other plants by means of a data bank 
alignment the nucleic acid sequences according to the invention or the polypeptid sequences according 
to the invention derived therefrom can be employed in data bank alignments with the similarity 
30 logarithm BLAST (Basic Local Alignment Search Tool, Altschul et al., Journal of Molecular Biology 
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215, 403-410 (1990), blastn for alignments with nucleic aced sequences, tblastn for alignments with 
polypeptid sequences) by using standard parameters in the Blast service of the NCBL In this connection 
gene sequences with a significance level of P < le" 30 which show also a similar domain structure as the 
nucleic sequences according to the invention or the polypeptid sequences derived therefrom are referred 
5 to as homologs or related to the twd gene. 

The present invention further refers to a method for the production of plants comprising the stable 
integration of at least one nucleic acid sequence according to the invention into the genome of plant 
cells or plant tissues and regeneration of the obtained plant cells or plant tissues to plants. Particularly, 

10 the invention refers to a method in which the integrated nucleic acid sequence also comprises one or 
more regulatory elements, that ensure the transcription and/or translation of the nucleic acid sequence. 
Particularly preferred is a method in which the integrated nucleic acid sequence is expressed in 
antisense orientation. Further particularly preferred the invention refers to a method in which the 
integrated nucleic acid sequence has the activity of a ribozyme that represses the biological activity of 

15 the endogenous nucleic acid sequence encoding a FKBP-like protein. The nucleic acid sequence 
according to the invention and optionally its regulatory elements can be integrated through homologous 
recombination into the genomic DNA of target cells. The homologous recombination can also be 
executed so that the nucleic acid sequence according to the invention is integrated into the genomic 
area of the endogenous gene, wich encodes a FKBP-like protein. 

20 

The method according to the invention is not limited to a certain plant variety, but can be applied in all 
plants. Preferred plants are, for instance, crops and ornamentals, e.g. grains such as wheat, maize, rice, 
rye or barley; legumes such as peas, beans, chickpeas, lentils or soybeans; brassicaceen such as rape or 
mustard; fibrous plants such as flax, hemp or cotton; trees such as firs, poplar, beech, oak or nut trees; 
25 ornamental brushes; or solanaceae such as tomato or potato. 

The invention further refers to transformed plant cells or transformed plant tissue comprising a nucleic 
acid sequence according to the invention that is stably integrated into the genome of the plant cell or the 
plant tissue. Preferred are transformed plant cells or transformed plant tissue, which can be regenerated 
30 into a seed producing plant. The invention further refers to transgenic plants and their seeds comprising 
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a recombinant nucleic acid sequence according to the invention. 

The invention further refers to mutants, for instance, in Arabidopsis thaliana, Zea mays or 
Lycopersicon escidentum in which the endogenous twisted dwarf DNA sequence (FKBP-like (FK506 
5 binding protein) gene) is changed e.g. either through T-DNA insertion or through deletion or insertion 
of DNA of various size and in which the plants show the above mentioned phenotypical changes. Also, 
the invention refers to transgenic plants in which mutated DNA sequences in the above mentioned 
genetic sequence are phenotypically restored to wild-type through the introduction of intact gene 
copies. 

10 

The nucleic acid sequence or the method according to the invention can be used to produce transgenic 
plants with changed, meaning, disoriented growth. Disoriented growth is manifested in a change in the 
structure of cell walls and intracellular support and frame elements (for instance, cytoskeleton). Such 
changes can be employed in the production of plants used in the production of fibers and other 
15 materials with new, changed material characteristics. Through the twisted growth of lignified support 
organs, for instance, in trees wood can be acquired on one hand through the formation of so-called 
"compression wood" with changed rigidity characteristics and perhaps changed yields. Fibers producing 
plants can produce plant fibers with new, desired characteristics of processing and physical 
characteristics (rigidity etc.) through twisted growth. 

20 

Another aspect of twisted growth applies to the twisting of growth direction along the longitudinal axis 
e.g. siliques, from crops. This growth results in a reduced spontaneous burst of the siliques at the point 
of seed ripening. At seed ripening, after the seeds are filled with storage compounds, the phase of seed 
domancy begins. This phase is characterized by the drying and bursting of the siliques to spread of 
25 seeds. Twisted growth of the silique impedes the silique from fully opening and thus leads to reduced 
seed shed. Thus, harvesting losses in the mechanical manipulation during the harvesting process and 
harvest loss through unwanted premature seed shed are reduced. These characteristics are especially 
useful in all crops with harvestable siliques, e.g. soy, rape, mustard or legumes of all kinds. 



30 It could also be shown that the nucleic acid sequence according to the invention is not only responsible 
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for growth direction, but also for the size of the plant itself. Thus, the present invention refers also to 
transgenic plants with a smaller habitus compared to their wild-type plants. This is valid for all grains 
such as wheat, maize, rice, rye, barley, etc. that have on the one hand a higher stability during growth 
and yield due the reduction of stem length and thus less stem breakage because of, for instance, rain and 
5 wind and on the other hand with a higher production of biomass in the harvestable organs. Decreased 
growth is also often desired in ornamental plants. The production of bonsai plants as well as miniature 
versions of many ornamental plants and cut flowers, e.g. sunflowers are referred to here in particular. In 
this context twisted growth can also be of interest since bushes and trees with twisted growth, e.g. 
corkscrew willows and ficus can also be found in ornamental plants on the market. 

10 

The silique as well as the flower is less reduced in its entire length as the other organs, but the stalk, 
however, is very much shortened. The seeds of the twised dwarf mutants, surprisingly, do not show the 
strong reduction in size of the other plant organs. Compared to wild type seeds, the seeds of twisted 
dwarf mutants have a larger volume. Thus, the present invention further refers to an increase of the total 

15 weight of the yield of seed bearing plants. Thus, it could be shown that the average number of seeds per 
silique in twd mutants of Arabidopsis thaliana (20) is reduced to approx. one third of the number of a 
corresponding wild- type plant (57). The number of siliques on one plant was, however, markedly 
increased in twd mutants (417) compared to wild types (136). This results in an approx. 10% higher 
yield for the average total amount of harvested seeds per plant for twd mutants. The dimensions of the 

20 seeds also show great differences in twd mutants and corresponding wild-type plants. Estimates of the 
seed volume according to Leon-Klosterziel et al., Plant Cell 6: 385-392 (1994) show an approx. 50% 
larger volume for seeds from twd plant. These characteristics are particularly useful in all crops with 
harvestable siliques such as soy, rape, mustard, or all types of legumes. 

25 Independent from the variously characterized reduction in size of single plant organs the irregular and 
disoriented growth in all plant organs including the root of Arabidopsis thaliana has been observed. 
Apart from the changes in growth, the twisted dwarf mutant leads to a slower development of the plant. 
This is shown in a longer life-cycle of the twisted dwarf mutant compared to the wild type. After 
approx. 6 weeks of long day conditions (light phase of at least 16 hours) senescence starts in wild-type. 

30 The life-cycle of the twisted dwarf mutant is approx. 1 week longer under long day conditions. Under 
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short day conditions (light phase of maxium 9 hours) it is approx. 3 weeks. It can be observed that the 
defect in the twd gene causes the mutant's vegetative life phase to be about 5 days longer (approx. 20% 
longer vegetative phase). This circumstance can be used for the production of plants for which a delay 
of begin of senescence is desired, e.g. in ornamental plants. 

5 

The decreased total length of the twisted dwarf mutant is caused by shortening of the cells. Epidermal 
cells from primary inflorescence of the wild-type and the twisted dwarf mutant that are peeled with a 
fine forceps and then dyed with safranin red show shortened cells from the twisted dwarf mutant of 
approx. 33%. Spraying experiments of twisted dwarf mutants growing on soil with 10' 7 M of the 

10 brassinosteroid brassinolid show an increased longitudinal growth compared to control experiments. 
But when double mutants from twisted dwarf and the campesterol-reduktase det2, representing a dwarf 
mutant from Arabidopsis thaliana, that can be complemented to the wild-type through the exogenous 
application of brassinosteroids, were sprayed with 10* 7 M of brassinolid, no reaction to the application 
of brassinolid could be ascertained in these plants, which showed extreme dwarf growth. This result 

15 then supports the deduction that the twisted dwarf mutant is a plant that takes part in the reception or 
the signal transduction of the brassinosteroid response in plants. On one hand, the production of such 
mutants can lead to the targeted production of plants with reduced growth as ornamental plants or other 
crops. On the other hand, such plants could be used as models for the study of steroid hormone effects. 

20 The obvious participation in brassinosteroid signal reception and signal processing of the twd gene 
product makes it possible to create plants that can be influenced by changing the twd gene product itself 
or the amount of the twd gene product via their reaction towards the plant growth substance 
brassinosteroid and its derivatives in body plan, life-cycle, yield etc. This makes it also possible to 
create model systems for studies on the mode of action of brassinosteroid and its derivatives in crops, 

25 which can lead to the development of specific growth substances and effectors. 



The disoriented growth of the twisted dwarf mutant leads to the question of the mutant being able to to 
exhibit oriented, asymmetrical growth as a reaction to a unidirectional stimulant (tropism). The plant 
organs above ground reacted like the wild-type with positive phototropism and with negative 
30 gravitropism. The root gravitropism of the mutant twisted dwarf and the respective wild-type was 
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examined with seedlings grown on vertically positioned agar plates. The vertical re-orientation of the 
plates after 7 days about 90° led to a change in the growth direction: its angle was measured after 5 
more days. An angle of curvature between 80°- 100° was defined as a gravi tropic response (Yamamoto 
and Yamamoto, 1998, Plant Cell Physiol. 39: 660-664). In seedlings of the twisted dwarf mutant only 
5 27% of the roots showed gravitropic growth. The other 73% showed agravitropic growth. The roots of 
the wild type seedlings all went through a change in the growth direction of approx. 90°, which is 
consistent with a positively gravitropic growth. Agravitropic root growth was also observed in the 
mutants eirl (Luschnig et al., 1998, Genes Dev. 12: 2175-2187) and auxl (Maher and Martindale, 
1980, Biochem. Genet. 18: 1041-1053). These mutants are insensitive to exogenous applications of 

10 ethylene. In order to study the sensitivity towards ethylene of the twisted dwarf mutant, seedlings were 
incubated under the same conditions as described for the control, except that 10 ppm ethylene was 
added to the air. First, the twisted dwarf mutant was examined for its phenotype. The increased 
ethylene concentration caused phenotypical changes including a shortening of the root, an increase of 
the diameter of the hypokotyl and a reduction of the leaf blade. These changes were observed in both 

15 the wild-type and the twisted dwarf mutant. It is noteworthy that the roots of the twisted dwarf mutants 
grown under increased ethylene concentration, all showed a gravitropic growth consistent with that of 
the wild-type. The incresased ethylene concentration, however, could revert none of the other 
characteristics of the twisted dwarf phenotype. Measurement of the angle of curvature showed that all 
roots of the twisted dwarf mutant grown under 10 ppm ethylen grew gravitropic, yet only 27% of the 

20 twisted dwarf roots grown under air showed normal gravitropism. The roots of wild-type seedlings 
grew gravitropically under both conditions. 

In order to investigate if the root gravitropism of the twisted dwarf mutant was corrected by the effect 
of the phytohormone ethylen, the influence of inhibitors of ethylene biosynthesis and of inhibitors of 

25 ethylene response on the root gravitropism of twisted dwarf and wild-type seedlings was studied. The 
same experiment described above was conducted but with an addition of silver nitrate, an inhibitor of 
the ethylene effect, in the Arabidopsis medium. A concentration of 1 |iM silver nitrate in the growth 
medium, and 10 ppm ethylene in the growth chamber led to increased agravitropic growth in the roots 
of the twisted dwarf mutant. This effect was not found in wild-type plants. Amino ethoxyvinylglycin 

30 (AVG), which inhibits the endogenous ethylene biosynthesis, led in a concentration of 1 jiM to only 
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12% gravitropic growth in the roots of twisted dwarf mutants. In this experiment 35% of the roots of 
twisted dwarf mutants grew gravitropically under the control conditions (air). With the addition of 1 
\xM AVG however, 41% of the roots of wild type plants also showed an agravitropic growth. Ethylene 
is generally important for root gravitropism, because the retardation of endogenous ethylene synthesis 
5 also led to agravitropic behavior in wild-type roots. Mutants of twisted dwarf in Arabidopsis thaliana 
or Lycopersicon escidentum and other plants could serve to produce plants and plant organs that 
produce or accumulate decreased amount of ethylene. This effect can be precisely employed to 
influence fruit and seed ripening as well as the lengthening and control of the flowering phase of 
ornamental plants and crops because these processes are controlled by the amount of ethylene in the 
1 0 corresponding organs or plants. 

Since gravitropism of the root in twd mutants under normal growth conditions is strongly reduced and 
is only reconstituted with the exogenous addition of the gaseous phytohormone ethylene, the 
characterisation of the root gravitropism can be easily regulated through this characteristic. This 
15 influences the anchoring of the root in the soil, which affects the rigidity of ground covering plants as 
well as the anchoring of crops in the substrate in general. The induction of root gravitropism can be 
introduced through ethylene at any given point of development. This fact can also be used to regulate 
other developmental processes of the plant with ethylene. 

20 Since twd is a mutant in a FK506 binding protein, these plants can be used as non-animal models for 
pharmaceutical research of corresponding immunsuppressiva (especially FK506 (Tacrolimus), 
Rapamycin, Cyclosporin A and other substances with similar effects) as well as processes of signal 
transduction of the effect of immunsuppressiva. With this, new cellular interactions and modes of 
action specific to plants, which are not present in this form in animal systems, can be studied. Among 

25 other things, models can also be developed with reduced level of FKBPs in which the effect of not only 
immunsuppressive substances but also genetically modified ligands can be tested for these substances. 

The comparison of the deduced amino acid sequence of the open reading frame of the twisted dwarf 
cDNA in the current sequence databank shows a sequence identity of 30-33% and a sequence similarity 
30 of 43-53% to FKBPs from humans, animals and other plants (PILEUP, Genetic Computer Group, 
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Wisconsin Package Version 9.1-Unix, Sept.1997 (Gap creation penalty: 5; gap extension pealty: 1)). 
The deduced twisted dwarf peptide shows for the 14 identified amino acid positions for FK506 
interaction identical amino acid exchanges in four cases and conserved amino acid exchanges in four 
more cases. In the c-terminal region of the peptide, a triple repetition of the TPR motif can be found. 
5 For this motif, an interaction of Hsp90 with FKBPs has been proven in animal systems (Callebaut et al., 
1992, Proc. Natl. Acad. Sci. USA 89: 6270-6274). Plant mutants from this class of protein genes could 
be developed as non-animal model systems for the study of the effect and signal tranduction of 
immunophilins. 

10 The following examples serve to explain the invention and are not to be considered as restricting. 
I General Methods 
1. Cloning process 

15 

For cloning, the phage vector lambda ZipLox and the therefrom derived plasmid PZL-1 (Newman et 
al., 1994, Plant Phys. 106: 1241-1255) as well as the phagemid pBluescript (pBS) (Short et al., 1988, 
Nucl. Acids Res. 16: 7583-7600) were employed. For the expression in E.coli the expression vector 
pET3-His (Novagen) was employed. For the transformation of yeasts the vectors pASl and pACT2 
20 (Clontech, Matchmaker 2-Hybrid System) and pRS314 (Sikorski and Hieter, 1989, Genetics 122: 19- 
27) were employed. For plant transformation the gene constructions were cloned in pRT-W NotI 
(Uberlacker and Werr, 1996, MoL Breeding 2: 293-295) and the binary vector pGPTV-Bar (Becker et 
al., 1992, Plant Mol Biol. 20: 1 195-1 197). 

25 2. Bacteria and yeast strains 

For the pBluescript KS (pBS) vector, the plasmid pZL-1 as well as for pASl, pACT2 and pGPTV 
constructs the E. coli strain DH5a (Hanahan et al., 1983, J. Mol. Biol. 166: 557-580) were employed. 
The expression of the twisted dwarf protein was performed in the E.coli strain B121 (Studier and 
30 Moffat, 1986). The transformation of the pGPTV constructs in Arabidopsis plants was performed with 
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the help of the Agrobacterium tumefaciens strain GV3101:pMP90 (Koncz and Schell, 1990, Mol. Gen. 
Genet. 204: 383-396). The transformation of 2-hybrid constructs was performed in the yeast strain 
Y190. 

5 

3. Transformation of Agrobacterium tumefaciens 

The transfer of DNA in Agrobacteria was performed through direct transformation with naked DNA 
according to Hofgen and Willmitzer (1988, Nucl. Acids Res. 16: 9877). The plasmid DNA transformed 
10 into Agrobacteria was isolated with the Birnboim and Doly method (1979, Nucl. Acids Res. 7: 1513- 
1523) and after suited restriction digest separated with gel electrophoresis to prove the correctness of 
the inserted DNA. 



15 4. Plant transformation 

With a positive colony 150 ml antibiotics containing YEB medium were inoculated and shaken for 2 
days at 28°C. With 10-15 ml of this culture 500 ml antibiotics containing YEB-medium were 
inoculated. This culture was incubated over night at 28°C on the shaker and pelleted the next day for 15 

20 min. at 4,000 rpm. The sedimented bacteria were taken up in infiltration medium. The concentration of 
the suspension was determined by turbidity measurement and set at a OD600 (optical density) between 
0,8 and 1,2. 400 ml beakers filled with Agrobacteria suspension were put into a vakuum exicator. Pots 
with Arabidopsis plants were placed upside-down on the beakers so that the inflorescences of the 
plants reached into the Agrobacteria suspension. A vacuum of 10-30 mbar was applied for 15 min and 

25 then the vacuum exicator was quickly aired. A bacteria suspension was employed for as many as four 
continuous infiltrations. Afterwards, the plants were kept further under long-day conditions (16 hours 
light/8 hours darkness) until the siliques were ripe. The 10 plants in one pot were put in two bags (2 
pools) of 5 plants each to collect the seeds when the oldest siliques were ripe. The well-dried seeds 
could be directly sewn on soil for a selection with BASTA® (Aventis CropScience, S.A., Lyon, 

30 Frankreich) 
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The sowing took place in pools which were separated into large flats. The first spraying of the seedlings 
with BASTA® solution took place when the cotyledons were fully developed. The seedlings were 
sprayed 1-2 more times with BASTA® during the following 6 days. Non-BASTA® resistent seedlings 
bleached at the cotyledon stage and did not further develop. The resistent seedlings grew to seed 
maturation and the seeds of individual plants were harvested. 

Example 1: 

Isolation of the FKBP-like twisted dwarf gene from T-DNA tagged insertion lines of Arabidopsis 
thaliana by means of plasmid rescue and the isolation of von full length cDNA and genomic clones 
from gene libraries 

From a Arabidopsis thaliana line transformed with T-DNA (Feldmann, 1991, Plant J. 1:71-82; 
Forsthoefel et al., 1992, Aust. J. Plant Physiol. 19: 353-366) a 200 bp long DNA sequence of the 
twisted dwarf gene flanking the T-DNA insertion was isolated through plasmid rescue (Schulz et al., 
1995, Plant Mol. Biol. Manual, pp 1-17). Radioactive labeled probes produced with the plasmids 
attained from the plasmid rescue (clone pBUB 52) were employed for screening the CD4-7 1PRL-2 
cDNA library (Newman et al., 1994, Plant Phys. 106: 1241-1255) and the CD4-11 genomic cosmid 
library (Schulz et al., 1995, Plant Mol. Biol. Manual, pp 1-17). Approx. 200 000 clones from the cDNA 
library were screened with these hybridisation probes. From a positively reacting X-clone a plasmid was 
isolated through in vivo excision and analyzed by determining of the DNA sequence (dideoxy method: 
Sanger et al., 1977, Proc. Natl. Acad. Sci. USA 74: 5463-5467). The primary structure of the twisted 
dwarf protein was deduced from this DNA sequence (clone pBUB 65). The cDNAs were then used to 
isolate a genomic clone from the cosmid library. 

Example 2: 

Expression of twisted dwarf peptides in E.coli, purification of the proteins and production of antisera 
against the protein in rabbits 

Partial cDNA sequences that code for the amino acid positions 1-324 and 1-187 were amplified with 
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PCR and ligated after restriction digest with BamHl and Xholl in the reading frame of the His tag 
sequence of the linearised vector pET3 with BamHI. Transformation competent B121 cells were 
transformed with the ligations and the expression of the peptides were proven after induction with 
IPTG in crude extracts on Laemmli gels. The fusion peptides with the His tag were purified with Ni- 
NTA agarose (Novagen). The apparent molecular weights were determined after being compared with 
size markers as 33kDa for the peptide that includes the region from amino acid positions 1-187 and as 
44kDa for the peptide that includes the region from amino acid positions 1-324. To immunise rabbits 
the unpurified peptides (Pos. 1-187) were purified with a preparative SDS-PAGE gel. The protein band 
were identified by staining the gel with Cu2+ ions, cut out and ground with mortar and pestil. The 
homogenised gel was resolved in buffer and used to immunize rabbits by the company BioGenes 
(Berlin). After the first immunisation, two other booster immunisations followed before antiserums 
against the twisted dwarf protein could be extracted (by bleeding the animals. The recognition of the 
twisted dwarf protein through the antiserum was tested in immunoblot experiments. 



Example 3 

Transformation of mutated Arabidopsis thaliana plants with a construction for the overexpression of 
the coding region of the twisted dwarf protein 

For the complementation of twisted dwarf mutants (twisted dwarfl-1, twisted dwarfl-3, twisted 
dwarfl-4) the open reading frame of the twisted dwarf gene was amplified with PCR from the plasmid 
BUB65 and cloned after BamHUBgUl restriction digest into the i?amHI-site of the vector pRT-Q NotL 
The pRT-n NotI contains in front of the 5amHI-restriction site a CaMV 35S promoter as well as a Q 
sequence from the tobacco mosaic virus, which can increase the translation of various reporter genes in 
plants 2-10 fold (Gallie et al., 1989, Plant Cell 1: 301-311). A polyadenylation signal from the 
cauliflower mosaic virus was inserted behind the BaniiH restriction sequence. Sequencing the insert 
showed that the cloned twisted dwarf cDNA sequence underwent no change in sequence. The cassette 
was excised with the restriction enzyme Ascl from the pRT-Q NotI vector and ligated after fill-in of 
protruding ends with Klenow polymerase into the Hindm site of the binary plant vector pGPTV-BAR 
which was filled-in as well. The uidA reading frame was deleted earlier from the pGPTV-BAR with a 
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Smal/EcoRI restriction digest. 

The transformation of twisted dwarf mutants with a vacuum infiltration of flowers was performed with 
the binary vectors using the Agrobacterium strain GV3101 pMP90. Transgenic Arabidopsis thaliana 
5 plants were selected for herbicide resistance as described above and analysed phenotypically. The 
presence and the structure of the transformed constructs in the transgenic plants was ascertained with a 
DNA gel blot analysis. All of the mutant plants transformed with an intact twisted dwarf gene sequence 
showed a reversion of the phenotype to the wild-type. 

10 Example 4 

Sequence analysis of various mutated twisted dwarf alleles from Arabidopsis thaliana mutants 

Further Arabidopsis thaliana mutants which showed the phenotype of twisted dwarf mutant were 
isolated from various mutagenized populations. With a crossing analysis of the mutants generated by T- 
15 DNA insertion it could be shown that the different mutant alleles represented the same gene. In DNA 
gel blot experiments a restriction fragment length polymorphism (RPLP) could be shown for two 
mutants. 

For an exact analysis of twisted dwarf mutants PCR products of the mutated alleles of the gene were 
20 sequenced and compared to the wild-type sequence. The T-DNA insertion in the twisted dwarf allele 1- 
1 lies in the fifth exon at position +1484. A deletion of 593 bp from position -122 to +471 in the mutant 
twisted dwarfl-3 led to a loss of a part of the promoter, the transcription start as well as the first 35 bp 
of the open reading frame. Size reduction of an EcoKL fragment of approx. 600 bp had already been 
observed in a DNA gel blot experiment. A nucleotide insertion in the third exon at the position +823 
25 and a nucleotide exchange of adenine to guanine at position +829 were identified in the mutant dwarfl - 
4. The insertion of one nucleotide caused a shift of the open reading frame, causing a translation stop 
after 85 amino acids . All twisted dwarf alleles are so-called null alleles, which produce no other 
functional gene product. All of the twisted dwarf mutants studied show the same characteristics of the 
twisted dwarf phenotype described above. 

30 
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Example 5: 

Identification of the homologs of the twd gene from other plant varieties 

1 . 1 . Identification of the twd homolog from Lycopersicum esculentum 

In order to amplify and subsequently identify homologs of the twd gene from other plants the 
oligonucleotides twd-S and twd-A were derived as PCR primers from the genetic sequence of the twd 
gene. By means of these oligonucleotides on the DNA of a cDNA-bank from a tomato (Lycopersicon 
esculentum) sequences of the twd homolog from a tomato were isolated in a PCR under the following 
conditions: 

1 x 94°C 2 min 
then 35 cycles: 
94°C 1 min 
58°C 1 min 
72°C 2 min 

then 4°C until removal from the PCR machine 
Sequence of the primer twd-S 

5'-CT(C/T) (G/T)TG C(A/T)T GT(G/T) (G/T)GC TGG GAA TTA G-3' 
Sequence of the primer twd-A: 

5' -CCA TCC ATT TT(C/T) CTT CT(A/G) T(G/C)T GCT GC-3' 

The obtained PCR product (SEQ IC NO:4) was cloned into the vector pGEM-T easy® (Promega) and 
sequenced by the chain termination method according to Sanger. By means of the sequences of the 
EST-clones AW038756, AW1895686, AW441601, AW222544 from tomato {Lycopersicon 
esculentum) (GenBank online, Release >1 15), which was found with the aid of the similarity logarithm 
BLAST (Basic Local Alignment Search Tool, Altschul et al., Journal of Molecular Biology 215, 403- 
410 (1990) (tblastn, cutoff for P value: 6e' 26 , Matrix: Blosum 62, Gap existence cost: 11, Per residue 
gap cost:l) with the amino acid sequence of the Arabidopsis TWD protein, a cDNA Contig over 
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altogether 1 142 base pairs could be assembled (TomTWDContig; SEQ ID NO:5). The area of sequence 
overlaps comprises the nucleotide positions 1 to 95 from TomTWD mit AW441601 and 121 to 140 
from TomTWD with AW222544. The translation of the longest open reading frame of the nucleotide 
sequence of TomTWD Contig in amino acids results in a continuous peptid (TTP) which is 320 amino 
5 acids in length. The identity to the TWD protein from Arabidopsis amounts to 74%, the similarity to 
the amino acid positions 1 to 316 of the TWD protein from Arabidopsis is 85,3%. 

2. Identification of the twd homolog from Zea mays 

By means of the sequences of the EST-clones AW2 16068 and AW171820 from Zea mays (GenBank 
10 online, Release > 115), which was found with the aid of the similarity logarithm BLAST (Basic Local 
Alignment Search Tool, Altschul et al., Journal of Molecular Biology 215, 403-410 (1990) (tblastn, 
cutoff for P value: le* 31 , Matrix: Blosum 62, Gap existence cost: 11, Per residue gap cost:l) with the 
amino acid sequence of the Arabidopsis TWD protein in the non-redundant database of GenBank EST 
Division/Subdivision Zea mays, a cDNA Contig over altogether 776 base pairs could be assembled 
15 (ZmTWDContig; SEQ ED NO: 7). The translation of the longest open reading frame of the nucleotide 
sequence of ZmTWD Contig in amino acids results in a continuous peptid (ZmTWD, SEQ ID NO: 8) 
which is 168 amino acids in length. The identity to the TWD protein from Arabidopsis amounts to 
68,5%, the similarity to the amino acid positions 196 to 365 of the TWD protein from Arabidopsis is 



79,8%. 
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SEQUENZPROTOKOLL 

<110> Schulz Dr. , Burkhard 

5 <120> DNA sequence of a protein that is similar to FKBP 

<130> SCU-001 PCT 

<140> XX 
10 <141> 2000-02-18 

<150> DE 199 07 598.0 
<151> 1999-02-22 

15 <160> 8 

<170> Patentln Ver. 2.1 

<210> 1 
20 <211> 4010 
<212> DNA 

<213> Arabidopsis thaliana 
<400> 1 

25 gtctaagaac cttaaggaga aagagattaa gaggcagaca ttgcttgagc ttgttgatta 60 
tgttgcatca gttggtttta agtttaacga tgtttcgatg caagagttaa cgaagatggt 120 
agcggttaat ctgtttagaa cttttccttc tgcgaatcac gagagtaaaa ttcttgaaat 18 0 
acatgatatg gatgatgaag aaccttcttt ggagccagct tggcctcatg ttcaagttgt 24 0 
gtatgagatt cttctcagat tcgtggcttc tcccatgact gatgcaaagc ttgccaagag 3 00 

30 atatattgac cattcttttg tcttgaagct cttagacttg tttgattctg aagatcaaag 3 60 
agagagggaa tatctaaaaa ctattctgca tcgggtgtac gggaagttca tggtgcatcg 42 0 
accttacatc agaaaggcga taaacaatat cttctacaga ttcatatccg agactgaaaa 480 
gcataatggc attgcggagt tgctagagat tcttggaagt ataattaatg gttttgcttt 54 0 
gcctttaaaa gaagagcaca agctcttcct tttgcgagcc ttgattcctc tccacaagcc 60 0 

35 taaatgttca tcagtctatc accaacagct ttcgtattgc attgttcagt ttgtagaaaa 660 
ggacttcaag ctcgctgata ccgttattag aggtctttta aaatattggc ctgtgactaa 72 0 
cagctcaaag gaagttatgt ttcttggaga gttagaagaa gtcttggaag caactcaagc 780 
cgctgagttt caacgttgta tggttccatt atcccgacaa attgctcgat gcctcaacag 840 
ttcacatttc caggttcgag tctttgacta tcatcacaac ttcatatcta tctctcttga 900 

40 taaagtcttg tacctatata tgaagttgta ctttttgttt gtcaggttgc tgaaagagca 960 
ttgtttctat ggaacaacga tcacataaga aacctgatca ctcagaacca taaagtgata 1020 




atgcctatag tcttcccagc tcttgagaga 
caaagtctga ctataaacgt gaggaaagta 
gagtgtttag ccaaattcca agtagaagaa 
gaaaggacat ggcaacggtt agaagattta 
5 gcagtactgg ttccaagatt tgtgtcctca 
acagggtcgt agtaggctct cgtaggttac 
tatagaaatg gttcttgaga gacgactgta 
gtcaaattga gaatatttga tattatttta 
cgttagttaa cggctgactc tgaagtgaaa 

10 tcagaatcaa aatctgaaat ttatctctcg 
gacgacgacg agtcacacta ctcttgagct 
ctctaaattg acaaactttt tcttcgtttt 
gttttgaaat gaaatggttc aagtagctga 
ttgaatctta cttgtctgat ttggtcgatg 

15 ttttggattg acacttgcac atttttattc 
gaatctctgg agcatcaaac tcaaacacat 
ctgaatacat atatatgact tcaatatgtt 
aattggatgc tttgttaaag gataaatgtc 
ctaaatcata ttgtgaatct tggaacaaag 

20 aactcctttt ctgtttgtta agaattgaga 
tgtggctcca gaccaagaga gcgaaatagt 
gccatctcaa gagggtaatg ttcctcctaa 
gaaagtcagt aagcagatta taaaggaagg 
atgcttttgt aagtaccctt tagctttctg 

25 tgttggccta ttgctactgt ttatttgaat 
tagtgcacta cagggcatgg accaaaaact 
agcagcaacc tattgaattg gttcttggaa 
cacctccatt tcgttagatg aatcgtcatt 
tatgaaccca atgagatgga tatttgggag 

30 cttcaatgct gattagccca ttttaacgtc 
tgcactaaga gtgaaatgtt gtctgtgaga 
tcggtgttgc tagcatgaag tctggtgaac 
cttatgggaa agaaggaaac ttttcttttc 
atgaggtgga agttattggg tttgatgaaa 

35 atcttgtttc cttaccaaga cgactccaca 
ctctctgact tagatgatgt attgaacagg 
aaaggattgg tgcagcagac agaagaaaaa 
aactggagga agccatgcaa cagtatgaaa 
tctttccaac aattacggtc aaagtttagg 

40 ggctcttgtg tcttctttcg gcttttgatt 
atacatgggg gacgatttta tgtttcagct 



aacacgcgtg gacattggaa ccaagcagtt 1080 
ttatgcgaga ttgaccaagt tcttttcgac 1140 
gtgaataaaa cagaggttaa agcgaaacgg 1200 
gctacttcaa agaccgttgt aaccaacgag 1260 
gtcaatctta ctacaagcag ctctgagtcc 1320 
tatgtacttg taacaaatat ttgtggtcac 1380 
taattatttt tttaaattat aatcttttgg 1440 
ctgaattata ataaacgccg ttaaaactct 1500 
actgaaaagt cgaagggtct ctttatattt 1560 
gtcgatccag tcttcgtgag tgacttcgac 162 0 
tctcatactt cgtaagttca ctctcctctt 1680 
ctgctattat tgacgacgag acttgatttt 1740 
cttcgactat gttcttttgg gtttttgtca 1800 
tttaatcaat tcaacactta aagattcaat 1860 
agacccaggt tgatttggga aataatggat 192 0 
ggtaagtaaa ttttcataga tttaatctct 1980 
tgattggagt ttttttgttg tcccatattc 2040 
tatcaaatta tgttgactgc gttattcttt 2100 
catgtataca acaaatttgt tagacttaat 2160 
atgactattg gggttgacta atgcatcttt 2220 
tactgaagga agtgccgttg tgcatagtga 22 80 
agttgatagt gaagctgagg tcttggatga 2340 
tcacggttcc aaaccatcca agtactctac 2400 
ttgattggat gttgattttt cgattgcact 2460 
ctttctatct gaccaatttc atattggcca 2520 
cgcagcacaa atttgaggat acatggcatg 2580 
aaggtatgtg gctgtcgaat atgtactcta 2640 
ggtaaatttg atgagttagc ttgtgtatta 2700 
gaaaaaagat tgagttttgt attttttttg 2760 
actatacaat tttttttata aaaaagattg 2820 
cagagaaaaa agaactagcc ggtttagcca 2880 
gtgcgcttgt gcatgttggc tgggaattag 2940 
ccaatgttcc acctatggca gacttgttat 3000 
caaaggaggt aagttatttc ctataccatc 3060 
tccaagcttt atcccaacct ccttgcttac 3120 
gaaaagctcg cagtgatatg actgtagagg 3180 
tggatgggaa ttctcttttt aaggaggaga 324 0 
tggttatgca tctctctcta tctctatctc 3300 
ttttcaggca tacttagtga gtctgctcga 3360 
agtcatggtt ttgctgtttc aggccatagc 3420 
gtatgggaag taccaggata tggctttagc 3480 



25 



agttaaaaac ccatgccatc ttaacatagc agcttgcctc atcaaactaa aacgatacga 3540 
tgaagcaatt ggtcactgca acattgtaag actcatcaaa ccattcattt gaagaaaatc 3600 
attaaagttc atactcggtt tctcgaaatc taatcaaact caaaacctta tcaggtgttg 3660 
acagaagaag agaaaaaccc aaaagcactg ttcagaagag ggaaagcaaa ggcagagcta 3720 
ggacagatgg actcagcacg tgatgatttc cgaaaggcac aaaagtatgc tcctgacgac 3 780 
aaggcgatta gaagagagct acgagcactt gcagagcaag agaaagcctt gtaccaaaag 3 84 0 
cagaaagaaa tgtacaaagg aatattcaaa gggaaagatg aaggtggtgc taagtcaaag 3 900 
agcctttttt ggttgatagt gttatggcaa tggtttgttt cccttttctc ccgtatcttt 3960 
cgacgccaca gagttaaagc agattaatgt atgaagaagg gttacaatta 4010 
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<210> 2 

<211> 1270 

<212> DNA 

15 <213> Arabidopsis thaliana 



<400> 2 

gaaaagtcga agggtctctt 
gatccagtct tcgtgagtga 

20 catacttcac ccaggttgat 
acacatgacc aagagagcga 
ctcaagaggg taatgttcct 
tcagtaagca gattataaag 
tttgtcacta cagggcatgg 

25 agcagcaacc tattgaattg 
tcggtgttgc tagcatgaag 
cttatgggaa agaaggaaac 
atgaggtgga agttattggg 
ctgtagagga aaggattggt 

30 aggaggagaa actggaggaa 
acgattttat gtttcagctg 
catgccatct taacatagca 
gtcactgcaa cattgtgttg 
ggaaagcaaa ggcagagcta 

35 aaaagtatgc tcctgacgac 
agaaagcctt gtaccaaaag 
aaggtggtgc taagtcaaag 
cccttttctc ccgtatcttt 
gttacaatta 



tatattttca gaatcaaaat 
cttcgacgac gacgacgagt 
ttgggaaata atggatgaat 
aatagttact gaaggaagtg 
cctaaagttg atagtgaagc 
gaaggtcacg gttccaaacc 
accaaaaact cgcagcacaa 
gttcttggaa aagagaaaaa 
tctggtgaac gtgcgcttgt 
ttttcttttc ccaatgttcc 
tttgatgaaa caaaggaggg 
gcagcagaca gaagaaaaat 
gccatgcaac agtatgaaat 
tatgggaagt accaggatat 
gcttgcctca tcaaactaaa 
acagaagaag agaaaaaccc 
ggacagatgg actcagcacg 
aaggcgatta gaagagagct 
cagaaagaaa tgtacaaagg 
agcctttttt ggttgatagt 
cgacgccaca gagttaaagc 



ctgaaattta tctctcggtc 60 
cacactactc ttgagcttct 120 
ctctggagca tcaaactcaa 180 
ccgttgtgca tagtggccat 240 
tgaggtcttg gatgagaaag 3 00 
atccaagtac tctacatgct 360 
atttgaggat acatggcatg 42 0 
agaactagcc ggtttagcca 480 
gcatgttggc tgggaattag 54 0 
acctatggca gacttgttat 600 
aaaagctcgc agtgatatga 660 
ggatgggaat tctcttttta 720 
ggccatagca tacatggggg 780 
ggctttagca gttaaaaacc 840 
acgatacgat gaagcaattg 900 
aaaagcactg ttcagaagag 960 
tgatgatttc cgaaaggcac 1020 
acgagcactt gcagagcaag 10 80 
aatattcaaa gggaaagatg 1140 
gttatggcaa tggtttgttt 1200 
agattaatgt atgaagaagg 12 60 

1270 



40 



a99J.MbS20 n OI3IQ2 
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<210> 3 
<211> 365 
<212> PRT 

<213> Arabidopsis thaliana 

5 

<400> 3 

Met Asp Glu Ser Leu Glu His Gin Thr Gin Thr His Asp Gin Glu Ser 
15 10 15 

10 Glu lie Val Thr Glu Gly Ser Ala Val Val His Ser Glu Pro Ser Gin 

20 25 30 

Glu Gly Asn Val Pro Pro Lys Val Asp Ser Glu Ala Glu Val Leu Asp 
35 40 45 

15 

Glu Lys Val Ser Lys Gin lie lie Lys Glu Gly His Gly Ser Lys Pro 
50 55 60 

Ser Lys Tyr Ser Thr Cys Phe Leu His Tyr Arg Ala Trp Thr Lys Asn 
20 65 70 75 80 

Ser Gin His Lys Phe Glu Asp Thr Trp His Glu Gin Gin Pro lie Glu 
85 90 95 

25 Leu Val Leu Gly Lys Glu Lys Lys Glu Leu Ala Gly Leu Ala lie Gly 
100 105 110 

Val Ala Ser Met Lys Ser Gly Glu Arg Ala Leu Val His Val Gly Trp 
115 120 125 

30 

Glu Leu Ala Tyr Gly Lys Glu Gly Asn Phe Ser Phe Pro Asn Val Pro 
130 135 140 

Pro Met Ala Asp Leu Leu Tyr Glu Val Glu Val He Gly Phe Asp Glu 
35 145 150 155 160 

Thr Lys Glu Gly Lys Ala Arg Ser Asp Met Thr Val Glu Glu Arg He 
165 170 175 



40 Gly Ala Ala Asp Arg Arg Lys Met Asp Gly Asn Ser Leu Phe Lys Glu 
180 185 190 



Q-yyi24P5Q .013102 



27 



Glu Lys Leu Glu Glu Ala Met Gin Gin Tyr Glu Met Ala lie Ala Tyr 
195 200 205 

5 Met Gly Asp Asp Phe Met Phe Gin Leu Tyr Gly Lys Tyr Gin Asp Met 
210 215 220 

Ala Leu Arg Val Lys Asn Pro Cys His Leu Asn lie Ala Ala Cys Leu 
225 230 235 240 

10 

lie Lys Leu Lys Arg Tyr Asp Glu Ala lie Gly His Cys Asn lie Val 
245 250 255 

Leu Thr Glu Glu Glu Lys Asn Pro Lys Ala Leu Phe Arg Arg Gly Lys 
15 260 265 270 

Ala Lys Ala Glu Leu Gly Gin Met Asp Ser Ala Arg Asp Asp Phe Arg 
275 280 285 

20 Lys Ala Gin Lys Tyr Ala Pro Asp Asp Lys Ala lie Arg Arg Glu Leu 
290 295 300 

Arg Ala Leu Ala Glu Gin Glu Lys Ala Leu Tyr Gin Lys Gin Lys Glu 
305 310 315 320 

25 

Met Tyr Lys Gly lie Phe Lys Gly Lys Asp Glu Gly Gly Ala Lys Ser 
325 330 335 

Lys Ser Leu Phe Trp Leu lie Val Leu Trp Gin Trp Phe Val Ser Leu 
30 340 345 350 

Phe Ser Arg lie Phe Arg Arg His Arg Val Lys Ala Asp 
355 360 365 

35 

<210> 4 
<211> 140 
<212> DNA 

<213> Lycopersicon esculentum 

40 



<400> 4 




cttatggaaa agaaggaaac ttctctttcc 
atgaggttga gttgattggc ttcgatgaga 
cagtagagga gagaattggg 



ctaatgtccc acctacagct gatgtattgt 60 
caggagaagg aaaagcacga ggtgacatga 120 

140 



5 

<210> 5 
<211> 1142 
<212> DNA 

<213> Lycopersicon esculentum 

10 

<400> 5 

tttcagataa acccaactca attttcttgg 
ttccaattgt cgagaagatt agtacgtggg 
taagaaaatt gagcaagatt tcgaataatg 
15 aattcatcag ttgaccaggg tagtactgat 
cgtggagaac ttccacagga tgatgctggg 
ctccatgaaa aagtaaccaa gcaaattgtt 
tacgcaacat gcttcgtgca ttacagggca 
gatacatggc gtgagcaaca acctcttgag 

20 actggcctag ctattggcgt taacagcatg 
ggctgggaac tagcttatgg aaaagaagga 
gctgatgtat tgtatgaggt tgagttgatt 
cgaggtgaca tgacagtaga ggagagaatt 
aatgctttat ttaaggaaga gaaactggag 

25 gcatatatgg gagatgactt catgtttcag 
gctgtaaaga atccctgcca tctgaacatg 
gatgaagcca ttgcacaatg tagcattgtc 
ttgtttaggc gtggaaaggc taggtctata 
ttccttaaag cacgtaagct tgctccacaa 

30 attgcagaac acgagaaggc tgtctattag 

gg 



gattttgaca ctacatgcgg tgagaattac 60 
tacttgggct gctggtgcta ttctggggtt 120 
gctgaagtag aagaggagca gcagctgcag 180 
gaaatcatcg ctgaaggcgc ttcagttgtt 240 
ccgccaaaag ttgattcaga agtggaagtc 3 00 
aaagaaggcc atggtcagaa gccatcaaaa 360 
tgggctgaaa gcacgcagca caagtttgaa 420 
ctggttatag gaaaagagag aaaggaaatg 48 0 
aaatccggtg agcgtgcttt atttcatgtt 54 0 
aacttctctt tccctaatgt cccacctaca 600 
ggcttcgatg agacaggaga aggaaaagca 660 
gggacagcag atagaagaaa gatggatgga 72 0 
gaagctatgc aacagtatga aatggccatt 78 0 
ctgttcggta agttccggga catggcttta 84 0 
gcagcctgcc tgctgaagct ccagcgatat 90 0 
ctagcagaag aagaaaacaa tgtaaaagcg 960 
cttggtcaga ctgatgcagc tcgtgaggac 1020 
gataaagcca ttacaaggga attgaatttg 1080 
aaacaaaagg aactttacaa aggactattt 1140 

1142 



<210> 6 
35 <211> 320 
<212> PRT 

<213> Lycopersicon esculentum 



40 



<400> 6 

Met Ala Glu Val Glu Glu Glu Gin Gin Leu Gin Asn Ser Ser Val Asp 
15 10 15 



• 

29 



Gin Gly Ser Thr Asp Glu lie lie Ala Glu Gly Ala Ser Val Val Arg 
20 25 30 

5 Gly Glu Leu Pro Gin Asp Asp Ala Gly Pro Pro Lys Val Asp Ser Glu 
35 40 45 

Val Glu Val Leu His Glu Lys Val Thr Lys Gin lie Val Lys Glu Gly 
50 55 60 

10 

His Gly Gin Lys Pro Ser Lys Tyr Ala Thr Cys Phe Val His Tyr Arg 
65 70 75 80 

Ala Trp Ala Glu Ser Thr Gin His Lys Phe Glu Asp Thr Trp Arg Glu 
15 85 90 95 

Gin Gin Pro Leu Glu Leu Val lie Gly Lys Glu Arg Lys Glu Met Thr 
100 105 110 

20 Gly Leu Ala lie Gly Val Asn Ser Met Lys Ser Gly Glu Arg Ala Leu 
115 120 125 

Phe His Val Gly Trp Glu Leu Ala Tyr Gly Lys Glu Gly Asn Phe Ser 
130 135 140 

25 

Phe Pro Asn Val Pro Pro Thr Ala Asp Val Leu Tyr Glu Val Glu Leu 
145 150 155 160 

lie Gly Phe Asp Glu Thr Gly Glu Gly Lys Ala Arg Gly Asp Met Thr 
30 165 170 175 



Val Glu Glu Arg lie Gly Thr Ala 
180 

35 Ala Leu Phe Lys Glu Glu Lys Leu 
195 200 

Met Ala lie Ala Tyr Met Gly Asp 
210 215 

40 

Lys Phe Arg Asp Met Ala Leu Ala 



Asp Arg Arg Lys Met Asp Gly Asn 
185 190 

Glu Glu Ala Met Gin Gin Tyr Glu 
205 

Asp Phe Met Phe Gin Leu Phe Gly 
220 

Val Lys Asn Pro Cys His Leu Asn 



5 



30 

225 230 235 240 

Met Ala Ala Cys Leu Leu Lys Leu Gin Arg Tyr Asp Glu Ala lie Ala 
245 250 255 

Gin Cys Ser lie Val Leu Ala Glu Glu Glu Asn Asn Val Lys Ala Leu 
260 265 270 



Phe Arg Arg Gly Lys Ala Arg Ser lie Leu Gly Gin Thr Asp Ala Ala 
10 275 280 285 

Arg Glu Asp Phe Leu Lys Ala Arg Lys Leu Ala Pro Gin Asp Lys Ala 
290 295 300 

15 lie Thr Arg Glu Leu Asn Leu lie Ala Glu His Glu Lys Ala Val Tyr 
305 310 315 320 



20 

<210> 7 
<211> 776 
<212> DNA 
<213> Zea mays 

25 

<400> 7 

tttttttttt tttttccccg tagcaacagt 
ctgcaatata caatggcata aaaggccctt 
atggcataat agtgaacaac atcgtataga 

30 cgacagttct acagaaaatt caacactcct 
agttctacac aattttctgg taaattatcc 
agataaagga taaatgacac cagccactgc 
ggtttcgctt caggacttgg cccaaagaga 
agggccttgn cttgttccgc gagcaaacgg 

35 gagtacttct tcgctttgag gaaatcttcc 
ttagcttttc ctcgcctgaa cagcgctttg 
ctacactgcg caatagcttc atcgaatctc 
agatggcatg gatttttcac agccaaggcc 
atgaaatcat ctcccatgta tgcaatcgcc 



attattacta gcataatcta aatatgaaag 60 
tgagctccag ttgaaagact gtatgaaact 12 0 
gttcataaca actaattgat ccggaccggc 180 
tataatacaa ggttggtcaa ttaggccacc 240 
tactcgttct tccgtttgaa catcccagcc 300 
cagaacacaa cgaggtactt tgccttcttc 360 
cctttgtaga gctccttctg cttctggtat 420 
agctcccgaa tgatctcctt gncttctggg 480 
ctcgctgatt ctgtctggcc aagttcagat 540 
acattacttt catcttctgt caaaacaatg 600 
tttagtttga tcaggcatgc ggccatattg 660 
atgtctctgt actttccaaa taattgaaac 720 
atttcatatt gctgcatggc ctcctc 776 



40 



-OiSJLOS 



31 

<210> 8 
<211> 168 
<212> PRT 
<213> Zea mays 

5 

<400> 8 

Glu Glu Ala Met Gin Gin Tyr Glu Met Ala lie Ala Tyr Met Gly Asp 
15 10 15 

10 Asp Phe Met Phe Gin Leu Phe Gly Lys Tyr Arg Asp Met Ala Leu Ala 

20 25 30 

Val Lys Asn Pro Cys His Leu Asn Met Ala Ala Cys Leu lie Lys Leu 
35 40 45 

15 

Lys Arg Phe Asp Glu Ala lie Ala Gin Cys Ser lie Val Leu Thr Glu 
50 55 60 

Asp Glu Ser Asn Val Lys Ala Leu Phe Arg Arg Gly Lys Ala Lys Ser 
20 65 70 75 80 

Glu Leu Gly Gin Thr Glu Ser Ala Arg Glu Asp Phe Leu Lys Ala Lys 
85 90 95 

25 Lys Tyr Ser Pro Glu Xaa Lys Glu lie lie Arg Glu Leu Arg Leu Leu 
100 105 110 

Ala Glu Gin Xaa Lys Ala Leu Tyr Gin Lys Gin Lys Glu Leu Tyr Lys 
115 120 125 

30 

Gly Leu Phe Gly Pro Ser Pro Glu Ala Lys Pro Lys Lys Ala Lys Tyr 
130 135 140 

Leu Val Val Phe Trp Gin Trp Leu Val Ser Phe lie Leu Tyr Leu Ala 
35 145 150 155 160 



Gly Met Phe Lys Arg Lys Asn Glu 
165 



